Cross-species comparison of gene expression is a powerful approach for discovering genes that have been conserved throughout evolution. Conserved genes are presumably very important in the mechanisms related to the unique molecular functions in oocytes. The objective of this study was to identify genes expressed in the oocyte and conserved across three diverse vertebrate species. We report the global gene expression profiles of Bos taurus and Xenopus laevis oocytes on an NIA mouse development microarray that consists of 60-mer oligonucleotide probes representing more than 20 000 mouse transcripts derived from stem cell, oocyte, and early embryo cDNA libraries. Analysis based on intensity values revealed that 9853 and 10 046 genes are expressed in bovine and Xenopus oocytes respectively. Furthermore, previously published microarray data on preimplantation development in the mouse were used for a comparative analysis of global oocyte gene expression profiles. Interestingly, a substantial proportion of the genes expressed in mouse oocytes is conserved between the three species (74%, 7275 genes). Moreover, functional annotation of these conserved oocyteexpressed genes confirmed that certain functions are conserved among the three species. RNA metabolism and cell cycle were among the over-represented Gene Ontology terms in the biological process category. Finally, a pattern-matching analysis identified 208 conserved maternally expressed genes. Results from these cross-species hybridizations allowed numerous genes expressed in oocytes and conserved between Mus musculus, B. taurus, and X. laevis to be identified. This comparative analysis of oocyte transcript profiles revealed a high degree of conservation among species.
Introduction
In vertebrates, early embryonic development is supported by maternal mRNAs and proteins synthesized and stored during oogenesis (Rodman & Bachvarova 1976) . These maternal factors are critical for development between the fertilization and the maternal-embryonic transition, when transcription of the embryonic genome becomes fully activated. Recent gene-targeting studies have revealed essential developmental roles for oocytespecific genes: specifically, Gdf9 (Dong et al. 1996) , Bmp15 (Yan et al. 2001) , Zp1, Zp2, Zp3 (Rankin et al. 1996 (Rankin et al. , 1999 (Rankin et al. , 2001 , Mater (Tong et al. 2000) , Figla (Soyal et al. 2000) , Npm2 (Burns et al. 2003) and Zar1 (Wu et al. 2003) , which are all essential for supporting oogenesis, fertilization, or proper early embryonic development prior to embryonic genome activation.
Previous studies have revealed that w15 700 genes are involved in mouse embryonic development (Stanton et al. 2003) and that 196 of them are uniquely expressed in unfertilized and fertilized eggs . There is also evidence that genes expressed in oocytes and early embryos are conserved among species, since numerous orthologs have been found in mice and humans by in silico analysis (Stanton & Green 2001 . However, our understanding of the oocyte transcriptome and the identity of key oocyte-expressed genes is far from complete. Furthermore, characterization of gene expression in oocytes is necessary and will provide additional insight into the regulation of oocyte maturation, fertility, and preimplantation development.
A variety of approaches have been used to study gene expression in oocytes. RT-PCR is a method of choice for profiling expression of known genes of interest on an individual basis. However, the growing need for genome-wide analysis has motivated the development of high-throughput techniques such as the analysis of expressed sequence tags (EST; Adams et al. 1991) , differential display RT-PCR (Liang & Pardee 1992) , SAGE analysis (Velculescu et al. 1995) , and suppressive subtractive hybridization (Diatchenko et al. 1996) . These techniques have been successfully used during the past few years to identify important genes in oocytes (Ko et al. 2000 , Neilson et al. 2000 , Robert et al. 2000 , Monk et al. 2001 , Zeng & Schultz 2003 , Pennetier et al. 2005 , Vallee et al. 2005 .
Although these approaches have shed some light on the molecular basis of preimplantation development, each has major limitations. Microarray analysis has proved to be the most powerful approach for global gene expression profiling (Schena et al. 1995) . The development of DNA microarray technology has permitted thousands of genes to be analyzed simultaneously, and the technology has become increasingly popular as a means of identifying differentially expressed genes in complex biological models. Furthermore, a linear amplification method utilizing an in vitro transcription reaction is now being widely used for microarray experiments (Eberwine 1996) . This approach is particularly interesting since it circumvents many of the problems inherent with the most commonly employed amplification strategies that depend on PCR. Thus, the ability to amplify the small amounts of mRNA present in oocytes, which can only be isolated in limited quantities, makes it feasible to generate enough material for microarray analysis. Numerous studies have been performed to analyze oocytes global gene expression profiling in different species such as mouse, cow, Xenopus, rhesus monkey, and human using a variety of microarray platforms (Altmann et al. 2001 , Bermudez et al. 2004 , Dobson et al. 2004 , Hamatani et al. 2004 , Wang et al. 2004 , Yao et al. 2004 , Zeng et al. 2004 , Arraztoa et al. 2005 , Misirlioglu et al. 2006 , Fair et al. 2007 , Gasca et al. 2007 , Ghanem et al. 2007 , Patel et al. 2007 , Steuerwald et al. 2007 , Su et al. 2007 . Another approach to microarray-based research is the use of cross-species hybridizations for comparative analysis to reveal evolutionarily conserved mechanisms and pathways. Several studies have performed different analyses to validate the accuracy and precision of results obtained through microarray cross-species hybridization (Chismar et al. 2002 , Ji et al. 2004 , Renn et al. 2004 , Bar-Or et al. 2006 . Also, different microarray platforms have been used for cross-species hybridization: custom oligo arrays (Chalmers et al. 2005) , Affymetrix arrays (Shah et al. 2004 , Grigoryev et al. 2005 , cDNA microarray (Adjaye et al. 2004 , Donaldson et al. 2005 , and cDNA macroarray (Robert et al. 2002 , Dalbies-Tran & Mermillod 2003 . Biologically meaningful information has been obtained from all these studies.
We have previously shown that cross-species hybridizations using cDNA microarrays give very specific results and are very valuable for oocyte gene expression profiling (Vallee et al. 2006) . We have also shown that many of the genes expressed in oocytes are conserved between mouse, cow, and Xenopus (Vallee et al. 2006) . In the present study, we have performed cross-species hybridizations of Bos taurus and Xenopus laevis oocytes on a microarray platform containing 60-mer oligonucleotide probes representing more than 20 000 unique mouse transcripts, assembled primarily from sequences of stem cell, oocyte, and embryo cDNA libraries (Carter et al. 2003) . We consider this microarray platform to be best suited for comparative analysis of the oocyte transcriptome since it should contain most of the genes expressed in oocytes, including low copy-number genes. Previously published microarray data obtained from a study on mouse preimplantation development, using the same platform (Hamatani et al. 2004) , were also used in the present analysis. This comparative analysis revealed a high degree of conservation among maternal transcripts expressed in Mus musculus, B. taurus, and X. laevis oocytes. Working simultaneously with three distantly related species should help us better to understand the oocyte transcriptome and the identity of key oocyteexpressed genes with functions in important evolutionarily conserved mechanisms.
Results

Microarray experimental design
The NIA mouse development microarray used in this study consists of more than 20 000 mouse gene features derived from stem cell, oocyte, and early embryo cDNA libraries (Carter et al. 2003) . We will use the term 'gene' instead of gene feature in descriptions of microarray data. Bovine and Xenopus oocyte cRNA were used as probes to perform three replicates of cross-species hybridizations on a mouse development microarray. A universal mouse reference RNA (Stratagene, La Jolla, CA, USA) was used for all hybridizations, so that all developmental stages could be compared (Weil et al. 2002) . In addition, microarray data from mouse preimplantation development derived from a previous study by Hamatani et al. (2004) were used to perform a comparative analysis of global oocyte gene expression profiles and a patternmatching analysis for identifying conserved maternally expressed genes.
Reproducibility of cross-species hybridizations
For each experiment, reproducibility was verified by comparing the logarithmic signal intensity values of all microarray spots between three replicated experiments. The correlation coefficients for the signal intensities of all microarray spots between these replicates were calculated in a pair-wise manner using the NIA Array Analysis tool (Sharov et al. 2005a) . The results show that for our cross-species hybridizations the correlation is relatively high between replicates for bovine (0.90-0.95) and Xenopus (0.90-0.93; Table 1 ). These correlation coefficients are comparable with those obtained from samespecies hybridizations using mouse oocytes (0.94-0.96; Hamatani et al. 2004) . Next, an unsupervised hierarchical clustering using all the replicates was performed using the NIA Array Analysis tool (NIA, Baltimore, MD, USA; Sharov et al. 2005a ). This procedure independently clustered all the replicates by their appropriate species with minimal branch tree distances between species (Fig. 1 ).
Global analysis of gene expression in bovine and Xenopus oocytes
Data from the cross-species microarray hybridizations were uploaded in the NIA Array Analysis tool and a threshold was established to determine which genes were considered as expressed. This threshold was set according to the plot of error function (S.D. (Zsquare root of the error variance) versus expression level (Log intensity)) to ensure minimal S.D. Genes with a mean log signal intensity above the established threshold (log 3.0) were considered to be expressed, whereas genes with signal intensities below the threshold were designated 'absent'. This analysis, based on the intensity values, revealed that the number of genes detected in bovine and X. laevis oocytes is fairly similar: 9853 and 10 046 genes are expressed in bovine and Xenopus oocytes respectively ( Table 2 ). The maximum average log signal intensity observed is 3.47 and 3.45 in bovine and Xenopus oocytes respectively (Table 2) .
Comparative analyses of genes expressed in mouse, bovine, and Xenopus oocytes A substantial proportion of genes expressed in mouse oocytes are common to the three species (74%, 7275 genes; Table 2 , Fig. 2 ). Furthermore, genes expressed in oocytes show a wide range of signal intensities from faint to high expression for the three species (Fig. 2) . Interestingly, the signal intensities in the three species were also similar ( Fig. 2) . Those results suggest that genes conserved in oocytes of all three species also have similar expression levels. Genes with low expression levels in the mouse oocytes also have low expression levels in bovine and Xenopus oocytes, and the same applies to highly expressed genes. The species distribution of oocyte-expressed genes is presented as a Venn diagram according to their detection in oocytes of one, two, or three species (Fig. 3) . Over 1000 genes appear to be expressed only in mouse oocytes, suggesting either a lack of homology between the species for these specific oligonucleotides and/or genes or possibly an actual interspecific difference in oocyte gene expression. Detection of genes expressed only in B. taurus, X. laevis, and M. musculus could reflect real differences in oocyte physiology between species.
To characterize further the subpopulation of genes conserved in all three species, we used the large preimplantation EST collections in which 196 genes recovered only from unfertilized and fertilized mouse egg cDNA libraries, and not present in other tissues analyzed, were identified . Of these 196 genes, 154 were on the NIA Mouse 22K Microarray and 134 showed statistically significant expression changes during preimplantation stages (Hamatani et al. 2004) . Among those genes, 82 were found to be expressed in oocytes of all three species (Table 2) . As previously mentioned, these oocyte-specific genes also showed a wide range of signal intensities from faintly expressed to highly expressed (Fig. 2) . Pearson correlation for each microarray spots comparing replicate experiments. Correlations were determined using log base (2) fluorescence intensities of the data from every microarray spot. Figure 1 Hierarchical clustering of replicates. The dendogram shows that all replicates are clustered by their appropriate species (nZ3 for bovine and Xenopus, nZ4 for mouse). Mouse microarray data are derived from Hamatani et al. (2004) . Mm, Mus musculus; Bt, Bos taurus; Xl, Xenopus laevis. The proportion of genes common to the three species relative to the number of genes expressed in mouse oocytes is given in (%). c Genes recovered only from mouse unfertilized and fertilized egg cDNA libraries and not present in other analyzed tissues . GO terms associated with oocyte-expressed genes conserved in all three species
To find the Gene Ontology (GO) terms associated with the 7275 conserved genes expressed in oocytes, we used the tool in the NIA Mouse Gene Index 8.0 (Sharov et al. 2005b) . The NIA Mouse Gene Index 8.0 contains all transcripts found in the microarray platform used in this study. This tool associates the proper GO terms from the Gene Ontology Consortium annotation categories (biological processes, cellular components, and molecular functions) for each gene and generates a list of over-represented GO terms in our population (Ashburner et al. 2000) . From this analysis, several over-represented categories were identified from our candidate genes. RNA metabolism, ribonucleoprotein complex, and RNA binding were the most over-represented GO terms in conserved oocyte-expressed genes for the biological process, cellular component, and molecular function categories respectively (Fig. 4) . Example of genes in these overrepresented categories that are conserved in oocytes are: Cpeb1, Eif4e2, Gemin6, Pabpn1, Paip1, Pum1, Rnpc2, Slbp, and Snrpd2. Cell cycle and cellular division were also among the biological processes over-represented in the genes conserved in oocytes. Bub1 and Mphosph6, known for their association with the cell cycle and/or cell division and previously identified as oocyte specific, were found in the present study to be associated with this category.
Conserved maternally expressed genes in development
Finally, to examine further the possible roles of genes according to their expression patterns during embryonic development, the conserved oocyte-expressed gene list was used for pattern-matching analysis. The spindlin (Spin) gene was used as template to identify conserved maternal genes. The results of this pattern-matching analysis for conserved oocyte-expressed genes revealed that 208 genes display the characteristics of conserved maternally expressed genes in the mouse (Fig. 5A ). The list of known genes is presented in Fig. 5B . Among those Figure 2 Scatter plot of mean log signal intensities of oocyte-specific genes conserved among species. Mean log signal intensity for (A) bovine and (B) Xenopus laevis oocytes plotted against mean log signal intensity for mouse oocytes. Gray spots represent all the genes on the microarray and blue spots represent oocyte-specific genes (82/154). The red dotted line corresponds to the threshold value (log 3.0). Mm, Mus musculus; Bt, Bos taurus; Xl, Xenopus laevis. identified, some were previously known as maternal genes, such as Bcl2l10, Gdf9, Tcl1 and Zar1. More interestingly, this analysis also identified uncharacterized transcripts such as D6Ertd474e, BC066140, 2610019P18Rik, and C230081A13Rik. These maternally expressed genes are particularly interesting, mainly because of their expression patterns during embryonic development but also because they are conserved between the three species.
Discussion
The main objective of this study was to identify conserved oocyte-expressed genes. We believe that a comparative analysis performed on three distantly related species is a powerful tool for identifying key oocyte-expressed genes with important functions in evolutionarily conserved mechanisms and should provide a better understanding of the oocyte transcriptome. An essential criterion for the application of crossspecies experiments is data reproducibility. The comparison of correlation coefficients between samespecies and cross-species hybridizations revealed that the latter were sufficiently high to confirm acceptable reproducibility between experimental replicates. However, the cluster dendogram revealed a crossspecies effect. The sequence mismatches between bovine or Xenopus and mouse sequences probably cause bovine and Xenopus to be clustered together. In the absence of this cross-species effect, if microarray hybridization were all performed on a same-species Figure 4 Selected GO categories over-represented in conserved oocyteexpressed genes. GO categories associated with conserved genes expressed in oocytes were identified using the NIA Mouse Gene Index 8.0 tool. Graphic representation of the GO term frequencies associated with (A) biological process, (B) cellular component, and (C) molecular function categories. array, we would expect bovine and mouse to group closer together and Xenopus further apart. However, the fact that replicates cluster together by their appropriate species gives confidence in the reliability of the crossspecies hybridizations.
During the past few years, a number of studies have successfully used cross-species hybridizations while others have tried to assess their specificity and reliability in reflecting biological processes. Kane et al. (2000) showed that probe specificity requires target genes to be at least 75% similar over the target region when 50-mer oligonucleotide microarrays are used. In addition, if the target region is marginally similar (50-75%), a stretch of complementary sequence of more than 15 contiguous bases will allow hybridization. Ji et al. (2004) reached fairly similar conclusions when they created a simple mathematical model for cross-species hybridization and concluded that a contiguous-matched oligonucleotide of 16 bp was sufficient to generate a specific hybridization signal. In our previous study, nucleotide sequence similarity for genes expressed in the oocyte was evaluated between mouse, bovine, and X. laevis. We found that, on average, bovine sequences showed an 86% identity to mouse sequences while 80% identity was observed between Xenopus and mouse sequences (Vallee et al. 2006) . Another group quantified the agreement in gene expression profiles across different species. Although the agreement was most robust when the target RNA was derived from closely related species (!10 million years divergence), consistent profiles for more distantly related species (w65 million years divergence) and, to a lesser extent, even very distantly related species (O200 million years divergence) were also obtained (Renn et al. 2004 ). Finally, a recent study demonstrated that once the data are filtered by restricting proper cut-offs of probe homology, cross-species hybridization can closely reflect the biological process analyzed by same-species hybridization (Bar-Or et al. 2006) . Although cross-species hybridizations have proven to be relatively specific, the identification of specific paralogues might prove to be difficult and need to be taken into consideration when results are analyzed. Occasional low sequence homology between common genes could preclude identification of the totality of transcripts conserved across species but, will not affect the validity of the genes identified as conserved in oocytes in the present study.
Moreover, the degree of homology between probes and targets when cross-species hybridizations are performed can be extremely variable. In the presence of sequence mismatches, relative hybridization intensities will reflect both differences in transcript abundance and differences in hybridization kinetics. In addition, intensities can be variable when two different species are used for cross-species hybridization, especially when the species studied are not equally divergent. In view of these limitations, the goal of this study was not to assess gene expression levels but rather to identify transcripts present in the oocytes of all three species. The microarray analysis revealed that a substantial number of genes are detected in bovine and Xenopus oocytes; 9853 and 10 046 genes respectively. Previously, these labeling and hybridization protocols on this microarray platform and for all genes tested were extensively validated by quantitative real-time PCR; a log signal intensity O2.0 confirmed their expression (Carter et al. 2003) . Thus, adjusting our threshold to above log 3.0 in the present study should be adequate. Moreover, a recently published study using the same microarray dataset also used a log-intensity signal O3.0 as the criterion for a positive signal (Mager et al. 2006) . Finally, we previously showed through validation by RT-PCR and gene-specific microarray hybridization that crossspecies microarray hybridizations with oocytes from these three species were highly specific for the candidate genes tested (Vallee et al. 2006) .
When we performed comparative analyses of genes expressed in mouse, bovine, and Xenopus, the results showed that 74% of genes expressed in mouse oocytes are common to the three species, providing evidence that most genes expressed in oocytes are conserved among species. This conforms with our previous study in which cross-species hybridizations on a cDNA multispecies microarray showed that 81% of the genes expressed in mouse oocytes were also expressed in bovine and Xenopus oocytes (Vallee et al. 2006) . Another study compared the ESTs generated from a mouse oocyte cDNA library to genes expressed in X. laevis and Ciona intestinalis oocytes (Evsikov et al. 2006 ). This analysis revealed that for 80% of the genes expressed in the mouse oocytes, homologs transcribed in eggs of either X. laevis or C. intestinalis were found (Evsikov et al. 2006) . Interestingly, a recent study on yeast has demonstrated that proteins with essential functions evolve more slowly than less essential proteins (Zhang & He 2005) . It concluded that this is likely to apply to mammalian genes as well. The authors suggest that when a large dataset of mouse knockout studies becomes available, it will be possible to demonstrate the same phenomena in mammals.
GO terms identified as being over-represented in oocyte-expressed genes conserved in all three species reflect the principal functions of the oocyte, such as RNA metabolism, ribonucleoprotein complex, RNA binding, cell cycle, and cellular division. It is well known that oocytes accumulate large quantities of maternal mRNAs during their growth phase (Rodman & Bachvarova 1976) and that these maternal mRNAs are very stable with a half-life of 8-12 days (Brower et al. 1981) . Thus, their timely recruitment for translation and/or degradation during early embryonic stages is critical for successful development. Genes expressed in the oocyte associated with cell cycle are critical for early embryonic development since maternal transcripts have to support cell cycles prior to embryonic genome activation, which occurs at different stages in different species (Telford et al. 1990 ). All these maternal factors, which are degraded following maturation (Piko & Clegg 1982) , are critical for the interval between fertilization and the maternalembryonic transition when transcriptional activity of the embryonic genome becomes fully functional. Pattern matching can be used to find genes with expression patterns similar to that of a selected template gene. In order to identify maternal genes, we used the spindlin (Spin) gene as template, a maternal transcript (Oh et al. 1997) that is known to be conserved in the three species (Vallee et al. 2006) . Spin is known to be an abundant maternal transcript in the unfertilized egg and also in the 2-cell but not the 8-cell mouse embryo (Oh et al. 1997) . SPIN protein is a substrate in the MOS/MAP kinase pathway that associates with the meiotic spindle and is suggested to play a role in cell-cycle regulation during the transition from gamete to embryo (Oh et al. 1997 (Oh et al. , 1998 . Previously published microarray data on mouse preimplantation development (Hamatani et al. 2004) were used in this pattern-matching analysis to identify conserved maternally expressed genes. Expression profiles from these microarray data had previously been analyzed by a k-means nonhierarchical clustering method to identify expression trends in mouse embryonic development (Hamatani et al. 2004 ). The results of these studies showed that three different expression patterns corresponded to maternally expressed genes, and Spin was found in one of those clusters (Hamatani et al. 2004) . Different studies have used microarray experiments to identify maternal transcripts in mouse oocytes (Hamatani et al. 2004 , Wang et al. 2004 , Zeng et al. 2004 , Cui et al. 2007 , Su et al. 2007 ), bovine oocytes (Misirlioglu et al. 2006 , Adjaye et al. 2007 , Fair et al. 2007 , and in Xenopus (Evsikov et al. 2006 , Graindorge et al. 2006 ), but to our knowledge, it has never been done for identifying conserved maternally expressed transcripts during development. The present patternmatching analysis allowed us to identify which of our conserved oocyte-expressed genes are expressed in mouse oocytes and degraded throughout embryonic development. We believe that genes identified in this analysis are inclined to be maternally expressed in bovine and X. laevis. This suggests that they have important functions in oogenesis, oocyte maturation, fertilization and/or early embryonic development and should therefore be further characterized.
In summary, the results obtained from this crossspecies hybridization allowed numerous conserved oocyte-expressed genes to be identified in mouse, bovine, and Xenopus, and also allowed conserved maternally expressed genes to be identified. Globally, this comparative analysis of oocyte transcript profiles revealed a high degree of conservation among species and clearly establishes the feasibility of working with a well-characterized microarray platform from another species. Since our understanding of the oocyte transcriptome and the identity of key oocyte-expressed genes are far from complete, the strategic use of cross-species microarray hybridizations -an original and nonstandard use of microarray -allowed the extraction of a smaller number of candidate genes that have important roles from a large cohort of maternal transcripts detected by microarrays. Finally, this study adds a substantive amount of new information that is extremely valuable to the scientific community working on fertility and early embryonic development. It will contribute to the elucidation of crucial molecular mechanisms and pathways regulating oogenesis and embryogenesis in different species including in humans, which may lead to the solutions for infertility problems or improvements in assisted reproductive technologies.
Materials and Methods
Tissue collection
Bovine ovaries were collected from a slaughterhouse. Cumulusoocyte complexes (COCs) from 3 to 6 mm follicles were collected by aspiration; germinal vesicle (GV) oocytes were mechanically denuded, washed several times in PBS to prevent cumulus cell contamination. Three groups of 200 GV oocytes were then frozen in a minimal volume of PBS in liquid nitrogen. X. laevis oocytes were obtained from an adult female anesthetized in 0.1% methanesulfonate salt of 3-aminobenzoic acid ethyl ester (MS222, Sigma-Aldrich) for 20 min. A piece of ovary was isolated and oocytes were defolliculated for 1 h at 18 8C in OR2 saline containing 0.15% collagenase (Sigma). Stage IV-V oocytes (w1 mm diameter) were collected in OR2 medium at 18 8C. Three groups of 20 oocytes were washed in PBS and frozen in liquid nitrogen until RNA extraction. Animals were cared for according to the respective recommended codes of practice and killed by an acceptable method approved by the local Animal Care Committee following the guidelines of the Canadian Council on Animal Care (1993).
RNA extraction
Bovine and Xenopus total RNA were extracted using the Absolutely RNA Microprep Kit (Stratagene) according to the manufacturer's instructions. An additional phenol/chloroform purification step was performed on Xenopus oocytes prior to total RNA extraction to remove excess lipids. The extracted RNA was dissolved in water and the integrity and concentration were evaluated using a 2100-Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA) with the RNA PicoLab Chip (Agilent Technologies).
Labeling and hybridization on the NIA 22 K 60-mer oligo microarray Three RNA aliquots (100 ng) for each species were labeled with Cy3-dye by two-round linear amplification labeling to make each cRNA target using a Fluorescent Linear Amplification Kit (Agilent Technologies) as previously described (Carter et al. 2003) . In brief, mRNA was used to synthesize double-stranded cDNA with Moloney Murine Leukemia Virus (MMLV) reverse transcriptase in a reaction scaled down to a total volume of 4 ml, with half the standard T7-oligo-dT primer concentration and 125 ng/ml T4gp32 single-stranded DNA-binding protein (United States Biochemical, Cleveland, OH, USA). Linear amplification was performed in a total volume of 16 ml, with half the standard NTP concentration and no labeled CTP. For the second round of amplification, the product of the first reaction was labeled using the manufacturer's standard protocol, with the addition of T4gp32 in the cDNA synthesis reaction. The quality and size distribution of targets were determined by RNA 6000 Nano Lab-on-chip Assay (Agilent Technologies) and quantified using a NanoDrop microscale spectrophotometer (NanoDrop, Wilmington, DE, USA). Similarly, universal mouse reference RNA (Stratagene), labeled with Cy5-dye by one round of linear amplification, was used as control in all hybridizations (Carter et al. 2003 
Microarray data analysis
For our cross-species hybridizations, spot intensity was extracted from scanned microarray images using Feature Extraction 5.1.1 software (Agilent Technologies), which performs background subtractions and dye normalization as described previously (Carter et al. 2003) . The microarray experiments presented in this study adhere to the standards proposed by the Microarray Gene Expression Data Society Microarray (www.mged.org). Data for the microarray experiments reported herein are stored in the public repositories ArrayExpress (E-MEXP-1339) (www.ebi.ac.uk/arrayexpress). Comparative analyses were performed using mouse preimplantation development microarray data from a study by Hamatani et al. (2004) . Their results were obtained from the hybridization of mouse oocytes and embryos (unfertilized oocyte, fertilized oocyte, 2-cell, 4-cell, 8-cell, morula, and blastocyst) in four replicates on the NIA Mouse 22K Microarray v1.0. Microarray data from all three species were uploaded in the NIA Array Analysis tool (Sharov et al. 2005a) where background threshold was determined according to the plot of error function (S.D. (Zsquare root of the error variance) versus expression level (Log intensity)). For each gene on the array, a mean log signal intensity was calculated on the basis of the signal intensities obtained from the three replicate hybridizations. Genes with a mean log signal intensity above the calculated threshold (Olog 3.0) were considered as expressed. Correlation coefficients of signal intensities of all microarray spots between replicated experiments (nZ3 for bovine and Xenopus, nZ4 for mouse) were calculated in a pair-wise manner using the NIA Array Analysis tool (Sharov et al. 2005a) . Furthermore, data processing including hierarchical clustering and pattern matching was also performed through the NIA microarray analysis tool. The pattern-matching algorithm can identify a group of genes, the expression patterns of which match to a selected template gene. The analysis was performed using microarray data from bovine and Xenopus oocyte and mouse preimplantation development microarray data from Hamatani et al. (2004) using the spindlin gene (Z00008605-1) as template, a tenfold change threshold and a 0.90 correlation threshold. The NIA Mouse Gene Index 8.0 (Sharov et al. 2005b) was used to find the GO terms over-represented among the conserved genes expressed in oocytes. This tool associates the proper GO terms from the Gene Ontology Consortium annotation categories for each gene and generates a list of over-represented GO terms in our population (Ashburner et al. 2000) . The GO Consortium has created a defined vocabulary of terms describing the biological processes, cellular components, and molecular functions of all genes. It assigns genes to GO terms providing annotation and biological context for individual genes.
